made the same identification of all of the anaerobic streptococci that they isolated from the respiratory tract.
For the preparation of inocula, an artificial medium containing 300 mg casamino acids (Difco), 100 mg yeast extract (Difco), 100 mg glucose, 10 mg cystine, and 10 mg tryptophan per 10 ml was used for 6 of the strains. Strains I-V3 and SPU grew poorly in this medium but grew satisfactorily in fluid thioglycolate medium minus agar: trypticase (Baltimore Biological Laboratory), 150 mg; cystine, 5 mg; glucose, 50 mg; yeast extract (Difco), 50 mg; sodium chloride, 25 mg; and sodium thioglycolate, 5 mg, per 10 ml. These media were adjusted to pH 7.2 with sodium hydroxide and sterilized by autoclaving at 120 C for 20 min. Tubes of these media were inoculated from the stock cultures in fluid thioglycolate medium and incubated anaerobically for 48 hr at 37 C. The cells were then collected by centrifugation, washed twice with 0.85 per cent sodium chloride solution ("saline"), and resuspended in saline to a density equal to that of (Kolmer et al., 1951) . In most of the experiments, 0.1 ml of a 1:100 dilution of this suspension in saline was used to incculate 4.9 ml of the test medium, giving a final concentration of 60,000 cells per ml. In early tests of the efficacy of various media to support the growth of the anaerobic streptococci, acid production was used as a measure of growth. The entire contents of each tube were titrated to pH 7.5 with 0.01 N sodium hydroxide and the amount of acid was recorded after subtracting the titer of an uninoculated tube. Later experiments showed that the typical clumping colonies of these organisms in semisolid media could be suspended evenly if the tubes were agitated sufficiently. The amount of growth could then be determined turbidimetrically. Data presented subsequently (figure 3) show that acid production and turbidimetric determinations correlated closely.
The requirements for amino acids, purines, pyrimidines, and vitamins were determined by testing the effect of omitting them, singly or in groups, from a complete synthetic medium, based on the chemically defined medium of Broquist and Snell (1951) for S. faecalis, supplemented with 0.1 per cent sodium thioglycolate and 0.1 per cent methanol-extracted agar (Ley and MAueller, 1946) (table 2) . Each medium, minus the agar, was made up from stock solutions of the ingredients, adjusted to pH 7.2, and sterilized by filtration through a Selas 02 candle. To the filtrate kept at 60 C in a water bath was added aseptically } 5 of its volume of melted 2.5 per cent agar with a preheated pipette. The medium was then distributed aseptically in 4 by l in tubes in 4.9-ml amounts. If the medium was stored for longer than 48 hr, the tubes were placed in a boiling water bath for 5 min to drive off dissolved oxygen. The completeness of the synthetic media was checked with S. faecalis, ATCC strain 8043. All experiments were repeated at least once. WiThen a nutrient or group of nutrients appeared to be dispensable, the observation was confirmed by successful subculture in the respective deficient medium.
RESULTS AND DISCUSSION
In preliminary experiments, growth of S. foetidus strain SFA was initiated regularly by as few as 6,000 cells per ml in fluid thioglycolate medium, which was henceforth adopted as the reference standard complete artificial medium. Next, the optimum pH for the initiation of growth of 5 of the strains was determined by inoculating them into this medium at various pH values (strains K98 and K112 were oral anaerobic streptococci obtained from Dr. J. B. Macdonald and were not used in other experiments reported). The results, summarized in figure 2, indicated an optimum pH range from 7.0 to 7.5.
A chemically defined medium similar to that of Broquist and Snell (1951) detoxification, such as these substances have been shown to perform for various other bacteria. With the smaller inocula, from 600 to 6,000 cells per ml, the complete synthetic media were at least as effective as fluid thioglycolate medium during the 48-hr period of incubation used. However, separate determinations of the growth curves of strain SFA showed that growth in a complete synthetic medium reached its maximum in 48 hr, whereas in fluid thioglycolate medium, growth continued for 72 hr (figure 3). These data also show the close correlation between the titrimetric and turbidimetric methods of measuring growth. These two procedures have generally been found to yield very similar results with essentially homofermentative bacteria (Roberts and Snell, 1946; Lichstein, 1955 amino acid pool supports this conclusion (Tayl 1947) . The ability of these particular anaerol streptococci to synthesize amino acids seer therefore, to be very limited, resembling that most of the streptococci and lactobacilli that ha been studied (Tittsler et al., 1952) . The vitamin, purine, and pyrimidine requi ments of these organisms were analyzed simila (table 5). All 3 strains evidently must be suppli with guanine and uracil but adenine can considered nonessential. The vitamin requi ments were quite heterogeneous. Only pan thenic and nicotinic acids were indispensable all 3 strains. The observation that riboflavin a biotin were not required distinguishes th4 strains of S. foetidus from most of the Lancefi( groups of streptococci (Swift, 1952) . Snell a Strong (1939) , however, determined that 7 the 11 species of lactobacilli that they invet gated did not require riboflavin and that least 4 of these 7 species synthesized this vitamin when cultured in a riboflavin free medium. Using both microbiological assay with Lactobacillus casei (Snell and Strong, 1939) and fluorometry with a Coleman Electronic Photofluorometer, we have determined that strain SFA 9 synthesizes about 0.02,g of riboflavin per mg of dry cells when grown in our complete synthetic medium minus riboflavin. In this respect, this organism resembles some of the lactobacilli studied by Snell and Strong (1939) 7 show that this strain grew satisfactorily from the smaller inoculum when supplied with aspartic acid, histidine, and isoleucine as the sole amino acids. The amino acid requirements of strains JR4 and JS9 were analyzed likewise with an inoculum of 6,000 cells per ml. Aspartic acid, arginine, phenylalanine, histidine, threonine, valine, and leucine were indispensable for JR4, whereas JS9 failed to grow if arginine, tryptophan, histidine, threonine, or leucine was omitted from the synthetic medium. Evidently these oral anaerobic streptococci have greater synthetic abilities than the gas and odor producing strains (S. putridus and S. foetidus) discussed previously. In this respect,, they resemble S. salivarius, which requires only seven amino acids: glutamic, leucine, arginine, methionine or cystine, lysine, tyrosine, and isoleucine (Smiley et al., 1943) .
These oral strains were also less exacting in their requirements for purines, pyrimidines, and vitamins ( (Patterson et al., 1954) . Our control tests confirm Shockman (1956) , i. e., S. faecalis failed to grow aerobically in the presence of propionate, but grew well anaerobically. In an additional control, the addition of synthetic a-lipoic acid reversed the inhibitory effect of propionate. As expected, the anaerobic streptococci grew regardless of the propionate, indicating that they have no requirement for lipoic acid. glycolate and agar. These organisms can be separated into 3 groups. Two strains of Streptococcus putridus required in addition a factor or factors present in a tryptic digest of casein, possibly a peptide. Three strains of Streptococcus foetidus required 16 amino acids, 3 or 4 vitamins, guanine, and uracil. Glutamic and aspartic acids, riboflavin, and biotin were dispensable. It was shown that one of these strains synthesized riboflavin when grown in a medium free of this growth factor. Three strains of oral anaerobic streptococci, representative of the non-odor and non-gas producing strains listed in Bergey's Manual of Determinative Bacteriology, resembled the oral viridans streptococci in their nutritional requirements: they could dispense with any one of 11 or more amino acids, with purines and pyrimidines, and required 3 or 4 vitamins. Tests of 1 strain of S. foetidus and 2 strains of oral anaerobic streptococci showed that they did not require lipoic acid.
